
1 
 

Development and Evaluation of Market-Based Routing Guide Strategy 
! "#

$%&'(#)*+(,#
!-#.(#/(0123&.%4#5%(%,+6+(37#8(.9+&2.3"#':#;.(<.((%3.#

%(0#

='&,+#>4.9+&#
!$#.(#/(0123&.%4#?(,.(++&.(,7#8(.9+&2.3"#':#@.6%#

#
#

-8!5/AA?B#A>#AC?#DE>FE$5#/G#-8DD@H#;C$/G#5$G$F?5?GA#
/G#D$EA/$@#I8@I/@@5?GA#>I#AC?#E?J8/E?5?GA-#I>E#AC?#B?FE??#>I#

5$-A?E#>I#$DD@/?B#-;/?G;?#>E#5$-A?E#>I#?GF/G??E/GF#/G#-8DD@H#;C$/G#5$G$F?5?GA#
$A#AC?#

5$--$;C8-?AA-#/G-A/A8A?#>I#A?;CG>@>FH#
#

5%"#KLKM#

N#KLKM#$%&'(#)*+(,7#='&,+#>4.9+&O#$44#&.,*32#&+2+&9+0O#
A*+#%13*'&2#*+&+P"#,&%(3#3'#5/A#Q+&6.22.'(#3'#&+Q&'01<+#%(0#3'#0.23&.P13+#Q1P4.<4"#Q%Q+&#%(0#+4+<3&'(.<#
<'Q.+2#':#3*.2#<%Q23'(+#0'<16+(3#.(#R*'4+#'&#.(#Q%&3#.(#%("#6+0.16#('R#S('R(#'&#*+&+%:3+&#<&+%3+0O#

#
#

-.,(%31&+#':#$13*'&T#UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU#
B+Q%&36+(3#':#-1QQ4"#;*%.(#5%(%,+6+(3##

5%"#V7#KLKM#
#

-.,(%31&+#':#$13*'&T#UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU#
B+Q%&36+(3#':#-1QQ4"#;*%.(#5%(%,+6+(3##

5%"#V7#KLKM#
#

;+&3.:.+0#P"T#UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU#
B&O#;*&.2#;%Q4.<+#

?W+<13.9+#B.&+<3'&7#;+(3+&#:'&#A&%(2Q'&3%3.'(#X#@',.23.<2#
;%Q23'(+#$09.2'&#

#
$<<+Q3+0#P"T#UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU##

D&':O#H'22.#-*+::.#
B.&+<3'&7#;+(3+&#:'&#A&%(2Q'&3%3.'(#%(0#@',.23.<2#

?4.2*%#F&%"#//#D&':+22'&#':#?(,.(++&.(,#-"23+62#
D&':+22'&7#;.9.4#%(0#?(9.&'(6+(3%4#?(,.(++&.(,#

!
!

! !



2 
 

!"#$%!&$ '
#

A*+#3&1<S4'%0#6%&S+3#.(#3*+#8(.3+0#-3%3+2#.2#4%&,+7#:&%,6+(3+07#%(0#*.,*4"#<'6Q+3.3.9+O#-*.QQ+&2#13.4.Y+#

&'13.(,#,1.0+2#3'#6%(%,+#%(0#3+(0+&#2*.Q6+(32#3'#<%&&.+&2O#A*.2#&+2+%&<*#+W%6.(+2#*'R#3*+#6%<&'#

6%&S+3#<*%&%<3+&.23.<2#%(0#6.<&'#2*.QQ+&#<*%&%<3+&.23.<2#%::+<3#&'13.(,#,1.0+#Q+&:'&6%(<+O#-Q+<.:.<%44"7#

+%<*#S+"#6%&S+3#%&+%#3'#S+"#6%&S+3#%&+%#4%(+#.2#<4%22.:.+0#.(3'#'(+#':#:'1&#<*%&%<3+&.23.<2#P%2+0#'(#3*+#

%((1%4#(16P+&#':#4'%02#%3#P'3*#3*+#6%<&'#6%&S+3#4+9+4#%(0#6.<&'#2*.QQ+&#4+9+4T#!%4%(<+07#C+%0*%147#

!%<S*%147#%(0#-Q%&2+O#A*.2#<%Q23'(+#Q&'Z+<3#%00&+22+2#3*&++#6%.(#[1+23.'(2T#$&+#3*+#6%<&'#6%&S+3#

<*%&%<3+&.23.<2#23%P4+#'9+&#3.6+\##C'R#0'+2#&'13.(,#,1.0+#Q+&:'&6%(<+#9%&"#P"#6%<&'#6%&S+3#

<*%&%<3+&.23.<2#%(0#6.<&'#2*.QQ+&#<*%&%<3+&.23.<2\#]*%3#2Q+<.:.<#23&%3+,.+2#.6Q&'9+#&'13.(,#,1.0+#

Q+&:'&6%(<+\#>1&#&+2+%&<*#2*'R2#3*%3#3*+#6%<&'#6%&S+3#<*%&%<3+&.23.<2#%&+#23%P4+#'9+&#3.6+O#A*+&+#%&+#

2.,(.:.<%(3#0.::+&+(<+2#.(#3*+#&'13.(,#,1.0+#Q+&:'&6%(<+#P"#6.<&'#2*.QQ+&#<*%&%<3+&.23.<27#P13#('3#6%<&'#

6%&S+3#<*%&%<3+&.23.<2O#]+#:.(0#3*%3#3*+#&'13.(,#,1.0+#23&%3+,"#.2#%#:1(<3.'(#6%.(4"#':#R*%3#%#2*.QQ+&#

+WQ+&.+(<+27#('3#R*%3#3*+#+(3.&+3"#':#3*+#6%&S+3#+WQ+&.+(<+2O#]*+(#2*.QQ+&2#0+9+4'Q#%#&'13.(,#,1.0+#

23&%3+,"7#3*+#6.<&'#2*.QQ+&#<*%&%<3+&.23.<2#3&16Q#6%<&'#6%&S+3#<*%&%<3+&.23.<2O#C+(<+7#3*+&+#.2#%(#

'QQ'&31(.3"#3'#4+9+&%,+#3*+#6%<&'#6%&S+3#<*%&%<3+&.23.<2#:'&#3*'2+#4%(+2#3*%3#%&+#4'R9̂'416+#:'&#%#

2*.QQ+&#P13#%&+#.(#*.,*9̂'416+#.(#6%<&'#6%&S+3#4%(+27#R*.<*#&+Q&+2+(3#%P'13#_M`#3'3%4#(16P+&#':#

1(.[1+#S+"#6%&S+3#%&+%#3'#S+"#6%&S+3#%&+%#4%(+2#3*%3#2*.QQ+&2#6%(%,+0#%(0#a`#.(#3'3%4#(16P+&#':#

4'%02O#A*+#Q&'<1&+6+(3#:&%6+R'&S#R+#0+9+4'Q+0#3%S+2#%#Q'&3:'4.'#%QQ&'%<*#P"#%22.,(.(,#2Q+<.:.<#

23&%3+,.+2#P%2+0#'(#6.<&'#2*.QQ+&#<*%&%<3+&.23.<2#%(0#6%<&'#6%&S+3#<*%&%<3+&.23.<2O#>1&#:&%6+R'&S#

*+4Q2#2*.QQ+&2#4+9+&%,+#P'3*#6.<&'#2*.QQ+&#<*%&%<3+&.23.<2#%(0#6%<&'#6%&S+3#<*%&%<3+&.23.<2#('3#'(4"#3'#

&+01<+#3*+#+::'&32#.(#6%(%,.(,#3&%(2Q'&3%3.'(#4%(+2#P13#%42'#3'#.6Q&'9+#&'13.(,#,1.0+#Q+&:'&6%(<+O#

!

#
#
#
#
#
#
#
#
#
#
;%Q23'(+#$09.2'&T#B&O#;*&.2#;%Q4.<+#
A.34+T#?W+<13.9+#B.&+<3'&7#;+(3+&#:'&#A&%(2Q'&3%3.'(#X#@',.23.<2#

'



3 
 

!&()*+,-./0-)$# '

I.&23#%(0#:'&+6'237#R+#R'140#4.S+#3'#2.(<+&+4"#3*%(S#'1&#%09.2'&7#B&O#;*&.2#;%Q4.<+7#:'&#*.2#,1.0%(<+7#
+(<'1&%,+6+(37#%(0#21QQ'&3#3*&'1,*'13#3*.2#Q&'<+22O#C.2#+WQ+&3.2+7#:++0P%<S#%(0#<'66.36+(3#3'#
+W<+44+(<+#*%9+#P++(#.(23&16+(3%4#.(#2*%Q.(,#3*.2#Q&'Z+<37#%(0#R+#*%9+#4+%&(+0#2'#61<*#:&'6#*.6O#]+#
%&+#2'#%QQ&+<.%3.9+#':#3*+#3.6+#%(0#+::'&3#*+#0+0.<%3+0#3'#*+4Q.(,#12#%<*.+9+#6'&+#3*%(#R+#+9+&#3*'1,*3#
Q'22.P4+O##

]+#R'140#4.S+#3'#3*%(S#'1&#2Q'(2'&#<'6Q%("7#;OCO#E'P.(2'(#%(0#A5;7#+2Q+<.%44"#-3+9+#E%+3Y7#5%3#@+'7#
=+::#b%6Q+&2<*&'+&7#$(0&+R#]+4<*7#5.<*%+4#;%4*'1(7#%(0#I.'&+44%#5+3+7#:'&#3*+.&#,+(+&'12#21QQ'&37#
9%41%P4+#P12.(+22#.(2.,*37#%(0#<'(23&1<3.9+#:++0P%<SO#A*.2#Q&'Z+<3#R'140#('3#*%9+#P++(#Q'22.P4+#R.3*'13#
3*+.&#<'(3&.P13.'(2O#

]+#R'140#%42'#4.S+#3'#3*%(S#D%6+4%#-.2S%#:'&#*+&#3*'&'1,*#&+9.+R#%(0#Q%3.+(<+#01&.(,#3*+#R&.3.(,#
Q&'<+22O#C+&#+WQ+&3#%09.<+#*+4Q+0#12#3'#.6Q&'9+#'1&#R&.3.(,#2S.442#%(0#<'661(.<%3+#'1&#.0+%2#6'&+#
<4+%&4"#%(0#+::+<3.9+4"O#

#̂I&'6#P'3*#':#12##

/#R'140#4.S+#3'#3*%(S#6"#R.:+7#5+(,&1#@.7#:'&#*+&#1(<'(0.3.'(%4#4'9+#%(0#21QQ'&3O#-*+#*%2#P++(#%#
<'(23%(3#2'1&<+#':#+(<'1&%,+6+(3#%(0#.(2Q.&%3.'(#3'#6+7#%(0#/#%6#2'#,&%3+:14#:'&#+9+&"3*.(,#2*+#*%2#
0'(+#3'#*+4Q#6+#P+<'6+#%#P+33+&#Q+&2'(O#C+&#2+4:4+22(+227#,+(+&'2.3"7#%(0#S.(0(+22#*%9+#+(%P4+0#6+#3'#
%<*.+9+#6'&+#3*%(#/#+9+&#.6%,.(+07#%(0#/#%6#2'#%QQ&+<.%3.9+#':#*+&#0+0.<%3.'(#3'#'1&#:%6.4"#%(0#'1&#
:131&+O#

5"#*+%&3:+43#3*%(S2#3'#6"#<%Q23'(+#Q%&3(+&7#='&,+#>4.9+&7#:'&#*.2#&+6%&S%P4+#<'(3&.P13.'(2#%(0#21QQ'&3#
3*&'1,*'13#3*.2#Q&'Z+<3O#C.2#0+0.<%3.'(7#*%&0#R'&S#%(0#Q&':+22.'(%4.26#R+&+#.(23&16+(3%4#.(#%<*.+9.(,#
3*+#21<<+22#':#3*.2#Q&'Z+<3O##

#̂$%&'(##

/#%6#:.44+0#R.3*#0++Q#,&%3.310+#%(0#4'9+#:'&#6"#R.:+7#c%(+22%7#R*'#*%2#2*'R(#1(R%9+&.(,#0+0.<%3.'(#
%(0#4'9+#3'#6+7#'1&#2'(#F%P&.+47#%(0#'1&#0%1,*3+&#$&.%(%#3*&'1,*'13#%44#3*.2#Z'1&(+"#d5.<&'6%23+&#%(0#
5%23+&eO#].3*'13#*+&#1(<'(0.3.'(%4#21QQ'&37#/#R'140#('3#*%9+#P++(#%P4+#3'#%<*.+9+#%44#3*%3#/#*%9+O#/#%6#
%42'#.(<&+0.P4"#,&%3+:14#3'#6"#0+%&#Q%&+(327#D+Q+7#%(0#?42%7#R*'#.(23.44+0#.(#6+#23&'(,#9%41+2#%(0#%#
4.:+4'(,#Q%22.'(#:'&#4+%&(.(,7#.(2Q.&.(,#6+#3'#P+<'6+#3*+#P+23#9+&2.'(#':#6"2+4:#Q+&2'(%44"#%(0#
Q&':+22.'(%44"O#

/#R'140#%42'#4.S+#3'#+WQ&+22#6"#*+%&3:+43#,&%3.310+#3'#6"#<%Q23'(+#Q%&3(+&7#$%&'(#)*+(,7#R*'2+#
&+6%&S%P4+#S('R4+0,+7#+W<+Q3.'(%4#4+%0+&2*.Q7#%(0#'1323%(0.(,#+WQ+&3.2+#6%0+#R'&S.(,#'(#%#<'6Q4+W#
Q&'Z+<3#%#2+%64+22#+WQ+&.+(<+O#C.2#<'66.36+(3#+(%P4+0#12#3'#<'6Q4+3+#3*+#+(3.&+#Q&'Z+<3#R.3*#,&+%3#
21<<+22O#

=̂'&,+#

!
'



4 
 

$!",-'*1'&*)$-)$# '
!
LIST OF FIGURES ............................................................................................................................. 5#

LISTS OF TABLES ............................................................................................................................. 6#

1.- INTRODUCTION ......................................................................................................................... 7#

1.1.- PROBLEM STATEMENT AND RESEARCH QUESTIONS ......................................................... 8#

2.- STATE OF THE ART ................................................................................................................... 12#

2.1.- TENDER PROCESS ............................................................................................................. 12#

2.2.- MACRO MARKET AND MICRO SHIPPER CHARACTERISTICS .............................................. 14#

2.2.1.- MACRO MARKET CHARACTERISTICS ............................................................................. 16#

2.2.2.- MICRO SHIPPER CHARACTERISTICS ............................................................................... 18#

3.- DATA AND METHODOLOGY .................................................................................................... 21#

3.1.- DATA PREVIEW ................................................................................................................. 21#

3.2.- EVALUATION PERIODS ...................................................................................................... 21#

3.3.- DATA CLEANSING ............................................................................................................. 23#

3.4.- STABILITY AND METHODOLOGY ....................................................................................... 25#

4.- RESULTS AND DISCUSSION ...................................................................................................... 29#

4.1.- STABILITY .......................................................................................................................... 30#

4.2.- PERFORMANCE ................................................................................................................. 34#

4.3.- STRATEGY ......................................................................................................................... 42#

5.- CONCLUSION AND RECOMMENDATIONS ............................................................................... 47#

5.1.- KEY FINDINGS ................................................................................................................... 47#

5.2- AREAS FOR FUTURE RESEARCH ......................................................................................... 47#

REFERENCES ................................................................................................................................. 49#

APPENDIX ..................................................................................................................................... 51#

Figure A.A. ................................................................................................................................ 51#

!

!



5 
 

,2#$'*1'12/3%-#'

Figure 1:  Market Characteristics .................................................................................................... 9#

Figure 2: Waterfall Tender Process with 4 Paths .......................................................................... 13#

Figure 3: Procure IQ Macro Market Characteristics ..................................................................... 17#

Figure 4: Example Drawing Dots with Backhaul and Headhaul Lanes .......................................... 18#

Figure 5: Example Drawing Dots with Sparse Lanes ..................................................................... 18#

Figure 6: Difference Between Macro market characteristics and Micro shipper characteristics . 19#

Figure 7: Spot and Contract Truckload Market Cycles ................................................................. 22#

Figure 8: COVID Evaluation Periods vs. Cost per Mile .................................................................. 23#

Figure 9: Historical Classification with All Shippers ...................................................................... 24#

Figure 10: Historical Classification with Top 20 Shippers ............................................................. 25#

Figure 11: Numeric Quadrant Movements and Euclidean Distance Change ............................... 27#

Figure 12: Numeric Quadrant Change .......................................................................................... 30#

Figure 13: Changes Over Time ...................................................................................................... 32#

Figure 14: Euclidean Distance Change .......................................................................................... 32#

Figure 15: Euclidean Distance Change Distribution ...................................................................... 33#

Figure 16: Historical Acceptance Rate by Path Classification ....................................................... 34#

Figure 17: Percentage of Direct to Spot by Macro Market and Micro Shipper Characteristics ... 35#

Figure 18: Acceptance Rate by Number of Loads across Different Characteristics and Evaluation 

Periods .......................................................................................................................................... 37#

Figure 19: Acceptance Rate by Number of Unique KMA Lanes across Different Characteristics 

and Evaluation Periods ................................................................................................................. 38#

Figure 20 Routing Guide Depth by Macro Market and Micro Shipper Characteristics ................ 39#

Figure 21: Procurement Framework ............................................................................................ 42#

Figure 22: Strategy Framework Flow Chart .................................................................................. 44#

'

'

'

'



6 
 

, 2#$#'*1'$!",-# '

Table 1: Path Classification’s description ..................................................................................... 14#

Table 2: Stability Methodology Examples .................................................................................... 26#

Table 3: Stability per Macro market characteristics Over Time – Cases ....................................... 32#

Table 4: Micro Shipper vs. Macro Market Characteristics by Number of Loads and KMA Lanes . 40#

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'



7 
 

"#$!%&'()*+,'%)& !

#
B1&.(,#3*+#;>c/B̂fa#Q%(0+6.<7#:&'6#5%&<*#KLKL#3'#5%&<*#KLKK7#3*+#3&1<S4'%0#6%&S+3#.(#3*+#8-#

21::+&+0#2+9+&%4#(+,%3.9+#.6Q%<32O#A*+#6'23#<&.3.<%4#.6Q%<32#R+&+#3*%3#3*+#0&.9+&#2*'&3%,+#R'&2+(+07#

&+%<*.(,#%#&+<'&0#*.,*#2*'&3%,+#':#gL7LLL#0&.9+&2#.(#KLKf7#9+&212#h#__7LLL#Q&+Q̂%(0+6.<#!" #$%&'()*

+%,'-&).*"//0'&(1&0)/2*3456756463*e7#%(0#3*%3#3*+#%9+&%,+#:&+.,*3#&%3+2#.(<&+%2+0#P"#MK`#.(#3*+#2Q'3#%(0#

<'(3&%<3#6%&S+3#.(#3*+#Q+&.'0#P+3R++(#=%(1%&"#%(0#=14"#KLKK#<'6Q%&+0#3'#3*+#2%6+#Q+&.'0#.(#KLKf#

d89:8 2*4;53756466*eO#F.9+(#3*+2+#21QQ4"#<*%.(#<*%44+(,+27#0+9+4'Q.(,#%0+[1%3+#3&1<S.(,#23&%3+,.+2#.2#

.6Q+&%3.9+#:'&#<'6Q%(.+2#3'#+(21&+#3*%3#3*+"#R.44#*%9+#+('1,*#3&1<S4'%0#<%Q%<.3"#3'#S++Q#6'9.(,#3*+.&#

,''02#R.3*.(#3*+.&#21QQ4"#<*%.(2O#

A*+#8-#3&1<S.(,#6%&S+37#<'(2.23.(,#':#:144#3&1<S4'%07#4+22#3*%(#3&1<S4'%07#%(0#Q&.9%3+i0+0.<%3+0#:4++327#

R%2#R'&3*#hgML#P.44.'(#8-B#.(#KLKfO##A*.2#&+Q&+2+(3+0#MOV`#':#3*+#FBD#.(#KLKf7#%#KMOj`#.(<&+%2+#:&'6#

KLKLO#A*+#:144#3&1<S4'%0#3&%(2Q'&3%3.'(#2+,6+(3#<'(23.313+0#h#MMK#P.44.'(#8-B#db+%&(+"7#KLKKeO#F.9+(#

3*+#3&1<S.(,#6%&S+3k2#2.,(.:.<%(3#&'4+#.(#3*+#(%3.'(k2#+<'('6"7#.3#.2#+22+(3.%4#3'#<'(2.0+&#3*+#<'6Q4+W.3"#

':#3*.2#6%&S+3#%(0#R*%3#6%S+2#.3#<*%44+(,.(,O#>(+ #&+%2'(#:'&#.32#<'6Q4+W.3"#.2#*'R#:&%,6+(3+0#3*+#

3&1<S.(,#6%&S+3#.2O#$<<'&0.(,#3'#3*+#I+0+&%4#5'3'&#;%&&.+&#-%:+3"#$06.(.23&%3.'(#dI5;-$e7#.(#KLKL7#gg`#

':#3&1<S4'%0#'R(+&2#*%0#:+R+&#3*%(#'&#+[1%4#3'#:.9+#3&1<S2#&+Q&+2+(3.(,#h#KlM#S#<%&&.+&2O##

I1&3*+&6'&+7#2*.QQ+&2#3"Q.<%44"#2+<1&+#%((1%4#3&%(2Q'&3%3.'(#<'(3&%<32#3*&'1,*#3*+2+#3&1<S4'%02k#

<'(3&%<327#*'R+9+&#%&+#('3#:144"#P.(0.(,O#$43*'1,*#3*+#Q&.<+#Q+&#4%(+#.2#2+37#3*+2+#%,&++6+(32#0'#('3#

,1%&%(3++#%#2Q+<.:.<#%6'1(3#':#9'416+#:&'6#3*+#2*.QQ+&#'&#3*+#+W%<3#<%Q%<.3"#3*%3#3*+#<%&&.+&#R.44#21QQ4"#

d;%Q4.<+7#KLKfeO#C+(<+7#<%&&.+&2#<%(#&+Z+<3#4'%02#.(#3*+#4%(+2#3*+"#R+&+#%R%&0+0#01&.(,#3*+#%((1%4#

&+9+&2+#%1<3.'(m#<'(9+&2+4"7#2*.QQ+&2#0'#('3#,1%&%(3++#9'416+O#>:#<'1&2+7#3*+#%0*+&+(<+#3'#Q&'6.2+0#

9'416+2#.2#<4'2+4"#6'(.3'&+0O#

A*.2#<'6Q4+W.3"#6%S+2#'1&#2Q'(2'&#<'6Q%("7#;OCO#E'P.(2'(7#%#:'1&3*̂ Q%&3"#4',.23.<2#Q&'9.0+&#djD@e7#

+22+(3.%4#3'#.32#<123'6+&2#P"#<'((+<3.(, #3*+6#R.3*#0.::+&+(3#<%&&.+&2O#>3*+&R.2+7#3*.2#.(3+&%<3.'(#R.3*#



8 
 

3*+#<%&&.+&2#R'140#P+#%#<*%44+(,+#:'&#2*.QQ+&2O#A*+#;OCO#E'P.(2'(# A5;#Q4%3:'&6#13.4.Y+2#%#&'13.(,#,1.0+7#

R*.<*#2*'R2#3*+#Q&.6%&"#<%&&.+&#d<'23#P10,+3+0e#%(0#P%<S1Q#<%&&.+&2#:'&#0.::+&+(3#4%(+2O##
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<%(#,'#3'#3*+#2Q'3#6%&S+3O#
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lj`O#;OCO#E'P.(2'(#R%(3+0#3'#+WQ4'&+#.:#6%<&'#6%&S+3#<*%&%<3+&.23.<2#.6Q%<3#3*+#&'13.(,#,1.0+#

Q+&:'&6%(<+7#3'#1(0+&23%(0#3*.2#P+*%9.'&#;OCO#E'P.(2'(#<&+%3+0#3*+#.(3+44.,+(3#[1%0&%(37#R*.<*#

<*%&%<3+&.Y+2#3*+#6%&S+3#.(3'#:'1&#[1%0&%(32T#-Q%&2+7#C+%0*%147#!%<S*%147#%(0#!%4%(<+07#P%2+0#'(#3*+#
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4+9+4#.6Q%<327#R+#%42'#+WQ4'&+0#3*+#6.<&'#'&#2*.QQ+&2#4+9+4#<*%&%<3+&.23.<2O#A*+#:.(0.(,2#':#3*.2#<%Q23'(+#
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D&'<1&+#/J7#%(#%(%4"3.<%4#%QQ4.<%3.'(#0+9+4'Q+0#P"#;OCO#E'P.(2'(7#%(%4"Y+2#fK#6'(3*2#':#:&+.,*3#

0%3%#%4'(,#S+"#6%&S+3#%&+%#3'#S+"#6%&S+3#%&+%#db5$#3'#b5$e#4%(+2#2'#+%<*#4%(+#.2#<4%22.:.+0#.(3'#'(+#':#

:'1&#Q'22.P4+#3&1<S.(,#6%&S+3#<%3+,'&.+2#d-Q%&2+7#C+%0*%147#!%<S*%147#%(0#!%4%(<+0e#%2#2*'R(#.(#I.,1&+#
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#
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#
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#
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2Q'3#6%&S+37#3*+#2*.QQ+&#P"Q%22+2#3*+#&'13.(,#,1.0+#<%&&.+&2#%(0#R'&S2#R.3*#3*+#<1&&+(3#0"(%6.<#':#3*+#
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D%3*#q# G%6+# D%3*#B+2<&.Q3.'(#
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K# !%<Ŝ1Q#;%&&.+&# A*+#4'%0#.2#&+Z+<3+0#P"#%44#Q&.6%&"#<%&&.+&2#P13#%<<+Q3+0#P"#%#
21P2+[1+(3#<%&&.+&#R.3*.(#3*+#&'13.(,#,1.0+O#

M# E'13.(,#F1.0+#I%.41&+##̂
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A*+#4'%0#.2#&+Z+<3+0#P"#%44#<%&&.+&2#.(#3*+#&'13.(,#,1.0+7#3*+(#
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j # -Q'3#5%&S+3# A*+&+#.2#('#<%&&.+&#2+3#1Q#.(#3*+#&'13.(,#,1.0+7#%(0#3*+#4'%0#,'+2#
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#

I &+.,*3#&%3+2#3+(0#3'#9%&"#0+Q+(0.(,#'(#3*+#2+4+<3+0#3+(0+&#'Q3.'(O##D&.6%&"#<%&&.+&2#*%9+#%(#%,&++0#

1Q'( #&%3+#3*%3#2*.QQ+&2#<'(2.0+&#.(#3*+.&#%((1%4#P10,+3O#A*+2+#<%&&.+&2#%&+#3*+#R.((+&2#:&'6#3*+#&+[1+23#

:'&#Q&'Q'2%4#dEIDe#%1<3.'(#Q&'<+227#21<*#%2#Q+&:'&6%(<+#4+9+47#<%&&.+&#<%Q%<.3.+27#%(0#'3*+&#2+4+<3.'(#

4',.<#d$+6.&+00"#X#H1%(7#KLfaeO#$+6.&+00"#%(0#H1%(#dKLfae#:1&3*+&#'P2+&9+0#3*%3#6'9.(,#:&'6#3*+#

Q&.6%&"#<%&&.+&#3'#3*+#:.&23#P%<S1Q#<%&&.+&#.(<&+%2+0#3*+#:&+.,*3#&%3+#:&'6#jOj`#3'#_OM`#01&.(,#KLf_#3'#
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Avg = 0.08 
Standard Deviation = 0.07 
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